stage in sinus rhythm and at the 4 th stage when in rhythm in atrial fibrillation. Also, diastolic arterial pressure increased significantly during atrial fibrillation only at the 3 rd stage of the exercise.
As a result, restoring sinus rhythm by cardioversion improves excessive heart rate responses to exercise significantly in patients with atrial fibrillation during both isometric and isotonic exercises. Also, we have revealed that the exercise time increased significantly by restoring sinus rhythm in patients with heart disease. (Jpn Heart J 2003; 44: 73-89) Key words: Atrial fibrillation, Exercise, Cardioversion EXERCISE is a physiological stress which affects the cardiovascular system. Therefore, it is used to evaluate the performance and function of the heart. During exercise, the rate of metabolism and cardiac output increase 20 and 6-fold, respectively, compared to those at rest. This increase changes depending on age, weight, sex, body-mass index, type of exercise, and existing heart-lung disease. 1) Three kinds of exercise are used as stress for the cardiovascular system. They are isotonic (dynamic) exercise, isometric (static) exercise, and a combination of both exercises. Treadmill exercise testing, bicycle ergometer, or step tests are used as isotonic exercise tests. 2, 3) The cardiovascular response is proportional to the strength of the exercise in isotonic exercise. The first physiologic response of the cardiovascular system, which is under the control of sympathetic and parasympathetic nerve systems, to isotonic exercise is an increase in heart rate (HR). HR increases almost in proportion to oxygen uptake and the applied workload. Exercise period, which is achieved by the patient, indicates personal performance in a staged-test. 1) Isometric exercise is an exercise which is performed by an increase in the tonus of muscle without changing the length of the contracted muscle. In daily life, activities such as carrying something heavy and trying to open a lid are examples of isometric exercises. Handgrip dynamometers are used mostly for clinical purposes. 4) It has been reported that blood pressure (BP) increased the most by isometric exercise, while the greatest increase in HR occurred with isotonic exercise. 5, 6) AF is a kind of arrhythmia which is seen among the adult population at an average rate of 0.4% and its incidence increases with age. Its prevalence in people over 60 years old is 4-6%. 7) A rapid ventricle response beyond normal was seen in the first stage of isotonic exercise in patients with AF. 8) Patients with AF had a greater increase in HR than healthy subjects, although HR is affected less than with isotonic exercise.
9)
The aim of the present study was to compare the alterations occurring in cardiovascular responses to isotonic and isometric exercises by restoring sinus rhythm following cardioversion in patients with paroxysmal AF.
PATIENTS AND METHODS
Twenty-seven patients with nonvalvular paroxysmal AF (longer than 48 hours and shorter than 1 year) who were scheduled to undergo sinus rhythm reversion by cardioversion were included in the study. Fourteen of the cases were male and 13 were female.
The patients were divided into two groups according to the existence of cardiac disease. Group 1 (n:14, mean age, 60.8±14.9 years) included patients with ischemic heart disease, and/or heart failure and hypertrophic cardiomyopathy. In this group, 8 of the patients had hypertensive disease in addition to the cardiac diseases. The group 2 (n:11, mean age, 64.8±13.9 years) cases had hypertension and diabetes mellitus.
All cases underwent transthoracic and transesophageal echocardiography. Those with thrombus in the left atrium and/or left atrium appendix received longlasting (over 4 weeks) anticoagulative treatment; and cases who did not have thrombus were started on low molecular weight heparin followed soon after by cardioversion.
A treadmill exercise test as an isotonic exercise and a handgrip test as an isometric exercise were performed in all of the cases before and 48 hours after cardioversion. The handgrip test was conducted followed immediately by the treadmill exercise test. The exercise tests were performed after the patients abstained from food and cigarettes for ≥3 hours before testing.
The extremity electrodes were placed on bilateral infraclavicular and inguinal regions and the thoracic electrodes were placed on the thorax at the V 1 -V 6 positions. ECGs were recorded at rest (before testing) with the patients standing on the treadmill. V 2 -V 4 -V 6 derivations were observed from the monitor continuously during the exercise testing and were recorded at the end of every minute of the exercise.
The handgrip exercise test protocol was performed using 50% of the maximal voluntary contraction (MVC) on the dominant side for 3 minutes in order to observe the stress loaded on the heart. The treadmill exercise test was performed by a modified Bruce protocol (Table I) which is used as an isotonic exercise in our clinic, and was a maximal test, limited by symptoms. All exercise tests were discontinued symptoms such as fatigue, fainting, typical angina pectoris, or ST segment depression greater than 0.2 mV were observed.
Pharmacologic or electrical cardioversion was performed in patients whose echocardiography and exercise tests were completed.
The patients were anesthetized just before electrical cardioversion. Forteen of the cases underwent pharmacologic and 13 electrical cardioversion. Two were excluded from the study because sinus rhythm could not be restored by either medical or electrical cardioversion. The study was conducted in 13 males and 12 females in whom sinus rhythm was restored. Thromboembolic complications did not develop in any of the patients following cardioversion. Statistics: The groups were compared by Student's t test (unpaired t-test) and the same individuals were compared using the paired t-test.The results are presented as the mean and standard deviation. Statistical significance was accepted at the P ≤0.05 level.
RESULTS
The etiologic characteristics and echocardiographic results for the patients included in the study are presented in Table II .
The isotonic (treadmill) exercise test results for groups 1 and 2 are presented in Table III . The isotonic exercise period increased significantly in group 1 patients following cardioversion (P=0.0061). The increase in heart rate determined during rhythm in atrial fibrillation was significantly higher compared to when rhythm was reverted to sinus at all stages of the isotonic exercise ( Figures  1 and 2 ) (In group 1, HR at rest, at the end of the 1 st stage, and at maximum exercise during rhythm in AF and after reversion to sinus rhythm were: 96.5±19.3/ All of the rate-pressure product values were significantly higher in atrial fibrillation in both groups compared to those at sinus rhythm at all stages in isotonic exercise.
When the increases in all values were compared to the initial values, heart rate, systolic arterial pressure and double product values increased significantly during isotonic exercise in both groups. After sinus rhythm was reverted, the increase in the DAP values was significant at all stages in group 1 (patients with cardiac disease), while none were significant in group 2 (patients without cardiac disease). During AF, the increase was significant only at the 2 nd and 3 rd stages in groups 1 and 2, respectively.
The isometric (handgrip) exercise test results for groups 1 and 2 are presented in Table IV . Also, the increase in heart rate determined during rhythm in atrial fibrillation was significantly higher compared to when rhythm was reverted to sinus at each measurement time in the isometric exercise (In group 1, HR at rest, at the end of the 1 st and 3 rd minute during rhythm in AF and/after reversion to sinus were: 96.1±19.0/82.4±11.2 beats/min, 100.3±25.5/84.0±10.9 beats/min and 102.6±25.2/84.1±9.4 beats/min, respectively; and in group 2, 97.1±9.9/ 81.3±7.8 beats/min, 99.3±20.3/82.8±7.6 beats/min and 100.9±10.6/82.8±9.4 beats/min, respectively).
During isometric exercise, none of the increases in any values compared to the initial values were significant in groups 1 and 2, except for the DP value at the 2 nd and 3 rd minutes during AF in group 2.
DISCUSSION
In our study, the HR response to isotonic exercise during rhythm in AF was excessive and this response improved when the rhythm was reverted to sinus. In group 1 when there was rhythm in AF the maximum increase in HR compared to the initial value was 80%, however 54% of this increase occurred in the 1 st stage. However, after reversion to sinus rhythm, the maximum increase in HR according to the initial value was 93% and only 26% of this increase occurred in the 1 st stage. Similar results were obtained in group II, and while the maximum HR response in AF was 93%, 57% of this occurred at the 1 st stage. After reversion of rhythm to sinus, the maximum increase in HR according to the initials value was 94%, with the increase at the end of the 1 st stage being 32%. It is interesting to noto that the maximum HR increase occurred in the 1 st stage of the exercise in AF in both groups. On the other hand, in sinus rhythm, the HR increase occurred in parallel to the exercise work load. The HR response to exercise is controlled by the sympathetic and parasympathetic systems. Sympathetic activation increases considerably during exercise and this causes an increase in HR. 1) This response is physiologic and the increase in HR is almost proportional to the work load.
An excessive HR response to isotonic exercise has been reported in patients with AF. 8, 10, 11) There was a greater increase in heart rate in the first stage of the exercise in patients with AF and this increase was more than 45% of the increase in total HR. 10) Our results are in accordance with other studies. [11] [12] [13] In patients with AF, the filling time of the ventricles shortens in relation to the excessive increase in HR and stroke volume decreases. This situation causes exercise intolerance in patients with AF. It has been revealed that restoring sinus rhythm improves cardiac output in patients with nonvalvular AF following cardioversion. 14) In the present study also, we found that isotonic exercise time increased significantly following cardioversion in both groups.
In sinus rhythm, the HR response to isometric exercise has been shown to be less than that of isotonic exercise. [15] [16] [17] Systolic arterial pressure increased in both isometric and isotonic exercises, while diastolic arterial pressure increased more in isometric exercise. In addition, it has been shown that HR increased considerably while the mean BP value exhibited only slight alterations in dynamic exercise. 18) A moderate increase in HR and a significant increase in blood pressure were reported during handgrip tests performed at 50% of maximal voluntary contraction (MVC) in cases with sinus rhythm. 19) An isometric exercise test, lasting for 2 minutes, was performed using 20% of the MVC in 20 male patients (mean age, 53 years) who had a history of myocardial infarction and the HR, SAP, DAP and DP were observed to increase by 9%, 22%, 21%, and 32%, respectively. 20) In the present study, the cardiovascular responses to isometric exercise remained lower although the cases were older [muscle contraction strength decreases by 1% from 50 years of age, 21, 22) ] and the exercise periods were longer and the MVCs were higher.
In conclusion, restoring sinus rhythm by cardioversion improved the excessive HR response to isotonic exercise significantly in patients with atrial fibrillation in both groups. We have also demonstrated that the isotonic exercise time increased significantly by restoring sinus rhythm in patients with heart disease.
